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STANDING- WAVE ELECTRON LINEAR ACCELERATOR 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of priority to United States provisional application 
5 Serial Number 60/418,198, which is entitled "Electron Standing- Wave Linear Accelerator" 
and was filed on October 11, 2002. 

FIELD OF THE INVENTION 

The invention relates, generally, to the field of particle acceleration and, more 
10 specifically, to standing-wave linear accelerators having high-intensity electron beams. 

BACKGROUND OF THE INVENTION 

Particle accelerators produce high-speed, high-energy beams of particles that are 
15 utilized in a variety of applications, including radiation therapy, defense technology, imaging, 

and materials testing. A form of such particle accelerators, electron linear accelerators, are 

utilized for the sterilization of medical devices and food irradiation. 

Traditionally, traveling wave accelerators have been used to achieve the goals of 

particle acceleration. Unfortunately, traveling wave accelerators have several disadvantages. 
20 First, the efficiency of a traveling wave accelerator is low, as the resulting particle beam 

contains particles that are not tightly bunched together. Second, the operating parameters of 

the traveling wave accelerators are fixed and there is little range for adjustment. Third, 

traditional traveling wave accelerators are not capable of producing particle beams at high 

intensities. 

25 Some inventors have attempted to address these shortcomings by developing 

standing-wave linear accelerators. Generally, such standing-wave linear accelerators 
comprise an accelerating resonator, a radio-frequency generator that creates an accelerating 
field in the accelerating resonator, a solenoid that focuses the beam of particles, a vacuum 
pump, a power supply, and a control apparatus. The accelerating resonator commonly 

30 includes a biperiodic structure of accelerating cavities coupled to coupling cavities that 
operates in a 7t/2-mode. However, this structure alone is inefficient for capturing a large 
number of particles to bunch and form into a beam. Thus, some inventors have attempted to 
bunch the particles prior to accelerating the particles. 
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For example, some inventors have attempted to use designs incorporating a klystron- 
type buncher. In such a design, the klystron-type buncher and the accelerating resonator are 
coupled together via a drift space. Particles are bunched together in the klystron-type 
buncher and then drift through the drift space into the accelerating section for acceleration. 
Unfortunately, the presence of the drift space creates several disadvantages. First, as particles 
drift through the drift space, they begin to disperse and do not remain tightly bunched 
together. Thus, the amount of energy each particle receives in the accelerating section differs 
significantly which, in turn, creates a large amount of energy dispersion (10% - 20%) in the 
resulting beam of accelerated particles. As a consequence, the overall efficiency of the linear 
accelerator is decreased. Second, a larger degree of energy dispersion occurs much more at 
higher intensities than at lower intensities. At very high intensities, the degree of the 
dispersion is so large that the linear electron accelerator cannot produce any bunches of 
particles in the resulting beam, which renders the linear accelerator useless at very high 
intensities. Thus, the large degree of dispersion at high intensities limits the possible 
applications for the linear accelerator. 

Moreover, in systems having a bunching resonator and an accelerating resonator 
separated by drift space, two radio-frequency generators are typically required. One radio- 
frequency (RF) generator is required to create an accelerating field in the bunching resonator, 
and the other radio-frequency generator is required to create an accelerating field in the 
accelerating resonator. Because each resonator requires its own radio-frequency generator in 
such a design, the two radio-frequency generators must be in phase with one another for 
optimal particle bunching and acceleration. Changes in temperature or poor connections, 
among other factors, can cause the radio-frequency generators to become out of phase, which 
in turn causes instability in the accelerator system. 

Therefore, there exists in the industry a need for standing-wave linear accelerators, 
including apparatuses and/or methods, which are capable of producing a tightly bunched 
beam of accelerated particles at high intensities with minimal energy dispersion, which 
receive electromagnetic power from a single RF generator, and which address these and other 
related, and unrelated, problems. 

SUMMARY OF THE INVENTION 

Broadly described, the present invention comprises a particle accelerator system and 
methods of operating the same. More particularly, the present invention comprises a 
standing-wave linear electron accelerator system that is configurable to operate at high 
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intensities while maintaining optimum transfer of electromagnetic power from an RF 
generator to bunching and accelerating sections thereof. The particle accelerator system of 
the present invention includes a bunching section having a plurality of bunching cavities, an 
accelerating section (preferably, of a conventional "disc and washer" structure) directly 
5 coupled to the bunching section, and a single electromagnetic drive subsystem. 

Advantageously, the particle accelerator system includes a bunching section and an 
accelerating section that are directly coupled via a common wall. A first passageway formed 
in the common wall shared between the accelerating and bunching sections enables charged 
particles to travel between the two sections without significant energy dispersion. A second 
10 passageway formed in the common wall shared between the accelerating and bunching 

sections enables electromagnetic power to propagate from the accelerating section into the 
bunching section. 

Also advantageously, the particle accelerator system includes an electromagnetic 
drive subsystem having a single RF generator coupled to the accelerating section so as to 

15 create electric fields in both the accelerating and bunching sections. The RF generator is 

operable to generate electromagnetic power, in the form of pulses of electromagnetic waves, 
and to direct the electromagnetic power through the accelerating section and into the 
bunching section via the second passageway in the shared common wall. 

In a first embodiment, the bunching section includes a plurality of bunching cavities 

20 operating in 7i-mode wherein the phase shift of the electromagnetic waves between adjacent 
bunching cavities is one hundred-eighty degrees (180°) (or n radians). Each bunching cavity 
has a longitudinal dimension and, preferably, the longitudinal dimension of each successive 
bunching cavity in the direction of particle acceleration increases in magnitude. Adjacent 
bunching cavities share a common wall therebetween. A passageway in the shared common 

25 wall enables charged particles to travel between successive bunching cavities. 

A second embodiment is substantially similar to the first embodiment and includes 
differences in the configuration of the bunching section. The bunching section includes a 
plurality of bunching and coupling cavities, wherein a coupling cavity is interposed between 
two bunching cavities. The cavities operate in a 7t/2-mode in which the phase shift of the 

30 electromagnetic power, in the form of pulses of electromagnetic waves, between successive 
cavities is ninety degrees (90°) (or n/2 radians), and the phase shift between successive 
bunching cavities is one hundred-eighty degrees (180°) (or n radians). 
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A third embodiment is substantially similar to the second embodiment and includes 
differences in the configuration of the common wall shared by the accelerating and bunching 
sections. The common wall shared by the accelerating and bunching sections defines a 
coupling cavity therein which enables resonant coupling between the accelerating section and 
5 the bunching section. The common wall shared by the two sections defines two passageways 
therein so as to enable charged particles to travel from the bunching section, through the 
coupling cavity in the common wall, and into the accelerating section and to allow 
electromagnetic power to propagate from the accelerating section to the bunching section. 
In operation, the RF generator of the electromagnetic drive subsystem generates 

10 electromagnetic power, in the form of pulses of electromagnetic waves, which are directed 
into the accelerating section. The electromagnetic power propagates through the accelerating 
section into the bunching section via the second passageway in the shared common wall. At 
substantially the same time, charged particles are injected into first bunching cavity of the 
bunching section, where they begin to bunch. As charged particles travel through the 

15 bunching section, they continue to be bunched in successive bunching cavities. The bunched 
charged particles then travel through the common wall and into the accelerating section, 
where they are accelerated and exit the particle accelerator system as a beam of tightly 
bunched charged particles. 

Other advantages and benefits of the present invention will become apparent upon 

20 reading and understanding the present specification when taken in conjunction with the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is pictorial sectional view of a particle accelerator system according to a first 
25 embodiment of the present invention with portions of the housings removed in which the 
bunching section includes a plurality of cavities operating in 7c-mode. 

Fig. 2 is a pictorial sectional view of the bunching section of the particle accelerator 
system of Fig. 1 taken along lines 2-2. 

Fig. 3 is a pictorial sectional view of the common wall between the bunching section 
50 and the accelerating section of the particle accelerator system of Fig. 1 taken along lines 3-3. 

Fig. 4 is a partial pictorial sectional view of a particle accelerator system according to 
a second embodiment of the present invention in which a bunching section thereof includes a 
plurality of bunching cavities and a plurality of coupling cavities. 
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Fig. 5 is a partial pictorial sectional view of a particle accelerator system according to 
a third embodiment of the present invention in which the bunching section, which includes a 
plurality of cavities operating in Jt/2-mode, and the accelerating section are separated by a 
common wall having a resonant coupling cavity therein. 

5 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
OF THE PRESENT INVENTION 

Referring now to the drawings in which like numerals represent like elements or steps 
throughout the several views, Fig. 1 displays a pictorial sectional view of a particle 

10 accelerator system 100 according to a first embodiment of the present invention. Particle 
accelerator system 100 includes a bunching section 102, an accelerating section 104, an 
electromagnetic drive subsystem 106, a vacuum subsystem 107, and an injector 108. 
Preferably, the bunching section 102 and the accelerating section 104 comprise standing- 
wave sections 102, 104 which are operable to accelerate charged particles through the 

15 transfer of energy from electromagnetic power provided by the electromagnetic drive 
subsystem 106. 

The bunching section 102 has a first end 1 10 and a second end 1 12. The injector 108 
is positioned proximate the first end 110 of the bunching section 102 and is connected to an 
input port 114 of the bunching section 102. Preferably, the injector 108 comprises an 
20 electron injector having a cathode 1 16 with a heater, insulated by a high-voltage insulator 
1 18, and energized by a power supply 120. The injector 108 is operable to generate charged 
particles, preferably electrons, and to emit them in a pulsed mode of operation as pulses of 
charged particles, into the bunching section 102 through input port 114. 

Similar to the bunching section 102, the accelerating section 104 has a first end 122 
25 and a second end 124. The accelerating section 104 includes an output port 126 located at the 
second end 124 of the accelerating section 104. A longitudinal axis 128 of the particle 
accelerator system 100 extends between, and is defined by, the input port 1 14 of the bunching 
section 102 and the output port 126 of the accelerating section 104. As described herein, 
charged particles are accelerated from the injector 108 towards the output port 126 generally 
along the longitudinal axis 128. The output port 126 is adapted to direct a beam of charged 
particles from the accelerating section 104 (and, hence, from the particle accelerator system 
100) toward a desired target or other object. 

The accelerating section 104 comprises a housing 130 encasing a plurality of 
conducting washers 132 with discs 134 interposed therebetween. Such a structure is 
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commonly known to one of reasonable skill in the art as a "disc and washer structure". 
Preferably, the housing 130 has a substantially cylindrical shape. The conducting washers 
132 are secured to the housing 130 of the accelerating section 104 by bars 136. Preferably, 
bars 136 include two or more metal stems securing the conducting washers 132 to the 
5 housing 130. Additionally, bars 132 have first portions, "Lj", and second portions, "L2". 
Preferably, the first portions, "Li", of bars 136 are positioned substantially parallel to the 
longitudinal axis 128 of the particle accelerator system 100 in the node of the electric field 
created by the electromagnetic drive subsystem 106. Moreover, the bars 136 may include 
channels extending therethrough for containing a liquid to cool the conducting washers 132. 

10 An accelerating cavity 138 of the disc and washer structure is defined as the void present in 
the axial region between two adjacent conducting washers 132. A coupling cavity 140 is 
defined as the void present in the peripheral region between two adjacent discs 134. 
Preferably, the accelerating section 104 includes a plurality of accelerating cavities 138 and 
coupling cavities 140. In accordance with the first embodiment, the accelerating section 104 

15 includes five accelerating cavities 138, having four whole accelerating cavities 138 and two 
accelerating half-cavities 138, and five coupling cavities 140 (see Fig. 1). However, it should 
be understood that while Fig. 1 displays an accelerating section 104 having five accelerating 
cavities 138 and five coupling cavities 140, the scope of the present invention includes an 
accelerating section 104 having a different number of cavities 138, 140. The first 

20 accelerating cavity 138A (i.e., actually an accelerating half-cavity 138A) is positioned 

proximate the first end 122 of the accelerating section 104. The last accelerating cavity 138F 
(i.e., actually an accelerating half-cavity 138F) is positioned proximate the second end 124 of 
the accelerating section 104. The other four accelerating cavities 138 are positioned 
therebetween. 

25 The accelerating cavities 138 and coupling cavities 140 are configured such that %I2- 

mode is excited in the accelerating section 104. The phase shift between an accelerating 
cavity 138 and an adjacent coupling cavity 140 is ninety degrees (90°) (or 7i/2 radians), so the 
phase shift between successive accelerating cavities 138 is one hundred-eighty degrees (180°) 
(or it radians). Additionally, accelerating cavity 138 has a longitudinal dimension, "X", 

30 which is defined by the relationship pA/2, where "p" is the relative velocity of an electron and 
"X" is the wavelength of an electromagnetic wave in free space. The relative velocity of an 
electron, "p", is defined as v/c, where "v" is the velocity of an electron and V is the velocity 
of light. 
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The housing 130 of the accelerating section 104 defines a port 142 which couples the 
last accelerating cavity 138F to a feeder waveguide 144 of the electromagnetic drive 
subsystem 106. The feeder waveguide 144 enables electromagnetic power to propagate from 
an RF generator 146 into the last accelerating cavity 138F and through the other accelerating 
5 cavities 138 in a direction generally toward the injector 108 and the first end 122 of the 
accelerating section 104. 

The electromagnetic drive subsystem 106 comprises a radio-frequency (RF) generator 
146 and feeder waveguide 144. The RF generator 146 is operable to generate 
electromagnetic power, in the form of pulses of electromagnetic waves, having a frequency 

10 and power level appropriate for operation of the particle accelerator system 100. Preferably, 
the RF generator 146 includes a klystron which generates electromagnetic waves having a 
frequency of 2856 MHz. Also preferably, the electromagnetic waves comprise radio- 
frequency (RF) electromagnetic waves. Alternatively, the RF generator 146 may include a 
magnetron or other device(s) for generating electromagnetic waves having an appropriate 

15 frequency and power level. Notably, the electromagnetic drive subsystem 106 comprises a 
single RF generator 146 which connects to the bunching section 102 and accelerating section 
104 at a single location via a single feeder waveguide 144. 

The vacuum subsystem 107 comprises a vacuum pipe 148 and a vacuum pump 150. 
The feeder waveguide 144 defines an opening 152 therein which couples the vacuum pump 

20 150, via vacuum pipe 148, to the feeder waveguide 144. The vacuum pump 150 is operable 
to create a vacuum in the feeder waveguide 144 and, hence, in accelerating section 104 by 
virtue of port 142. 

The first end 122 of the accelerating section 104 is coupled to the second end 112 of 
the bunching section 102 via a common wall 154. The thickness, T\ of the common wall 

25 154 is chosen so that the middle of the electron bunch (i.e., as defined longitudinally between 
a leading edge and a trailing edge of the electron bunch) is present at the middle of the first 
accelerating cavity 138A of accelerating section 104 (i.e., as defined by the longitudinal ends, 
or extent, of the first accelerating cavity 138A) when the time-varying electric field therein is 
at its maximum. The common wall 154 defines a passageway 156 therethrough so as to 

30 enable bunched charged particles to travel between the bunching section 102 and the 
accelerating section 104. 

The common wall 154 also defines a passageway 158 therethrough that permits 
magnetic coupling between the bunching section 102 and the accelerating section 104. As 
displayed in Fig. 3, passageway 158 has an inner radius, "Ri", relative to longitudinal axis 
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128 and an outer radius, "R 2 ", relative to longitudinal axis 128. Preferably, the measure of 
outer radius "R 2 " is greater than the measure of inner radius, "Ri". During low-intensity 
beam acceleration, the required coupling coefficient is produced by having a single 
passageway 158. However, during high-intensity beam acceleration, the common wall 154 
may define more than one passageway 158 extending therethrough so as to produce a greater 
coupling coefficient. For example, the common wall 154 may define two, three, four, or 
more passageways 158 to permit sufficient magnetic coupling between the accelerating 
section 104 and the bunching section 102. 

The bunching section 102 includes a housing 160 which defines a plurality of 
bunching cavities 162 (preferably, four bunching cavities 162) therein arranged in an axial 
arrangement along longitudinal axis 128. Bunching cavities 162 have, preferably, a 
substantially cyhndrical shape. Preferably, the edges and corners of the bunching cavities 
162 are rounded so as to minimize RF losses. Each bunching cavity 162 is RF coupled to the 
adjacent bunching cavity 162 via two coupling slots 164, 166 which enable electromagnetic 
power to propagate between adjacent bunching cavities 162. Coupling slots 164, 166 extend 
in a radial direction from the longitudinal axis 128 as shown in Fig. 2. Coupling slots 164, 
166 have an inner radius, "R 3 " and an outer radius, "R4". Preferably, the measure of outer 
radius, "R4", is greater than the measure of inner radius, "R 3 ". Also preferably, the coupling 
slots 164, 166 are diametrically opposed to one another about longitudinal axis 128. 
Additionally, axes 168, 170 extend through coupling slots 164, 166 and are substantially 
parallel to longitudinal axis 128. 

Common walls 172 are shared by and reside between adjacent bunching cavities 162. 
Each common wall 172 defines a passageway 174 extending therethrough so that adjacent 
bunching cavities 162 are connected by respective passageways 174. The passageways 174 
are adapted to direct charged particles between adjacent bunching cavities 162. 

Additionally, each bunching cavity 162 has a respective longitudinal dimension, "D", 
measured in the direction of longitudinal axis 128. The longitudinal dimensions, "D", of the 
bunching cavities 162 are chosen to provide maximum energy and minimum energy spread 
of the accelerated charged particles during their travel through the bunching cavities 162. 
Preferably, the longitudinal dimensions, "D", of adjacent bunching cavities 162 differ. Even 
more preferably, the longitudinal dimension, "D", of each successive bunching cavity 162 in 
the direction of particle acceleration increases in magnitude. For example, bunching cavities 
162A, 162B, 162C, 162D have respective longitudinal dimensions, "Da", 'T> b ", "D c ", "D d ". 
Preferably, longitudinal dimension, "D D ", is greater than longitudinal dimension "D c ", 



8 



15 



WO 2004/033613 PCT/US2003/032447 

which is greater than longitudinal dimension, "D B ", which is greater than longitudinal 
dimension, "D A ". 

The bunching cavities 162 are configured such that 7t-mode is excited in the bunching 
section 102 or, in other words, the phase shift of the electric fields in successive bunching 
5 cavities 162 in the direction of particle acceleration alternates by one hundred-eighty degrees 
(180°) (or it radians). For example, the second bunching cavity 162B is configured such that 
the electric field created by the electromagnetic power has a phase shift of one hundred- 
eighty degrees (180°) (or n radians) relative to the electric field in the first bunching cavity 
162A. The amplitudes of the electric fields in each of the bunching cavities 162 vary and are 
10 determined, in part, by the longitudinal dimension, "D", of its respective bunching cavity 
162. The amplitude of the electric field in the first bunching cavity 162A is preferably less 
than the amplitude of the injection voltage of charged particles such that all charged particles 
travel into the second bunching cavity 162B and begin to bunch. The configuration of the 
successive bunching cavities 162 are also such that the incremental amount of energy each 
charged particle receives is increased in each successive bunching cavity 162 in the direction 
of particle acceleration, which in turn decreases the phase extent in the resulting charged 
particle beam. 

A solenoid 176, operable to focus the beam of charged particles along the lengths of 
the bunching section 102 and accelerating section 104, extends substantially adjacent to the 
housings 130, 160 of the bunching and accelerating sections 102, 104. The particle 
accelerator system 100 also comprises a power supply and a control mechanism which are 
not shown and which should be known to one of reasonable skill in the art. 

In operation, the injector 108 generates and emits charged particles (preferably, 
electrons) into the bunching section 102 (preferably, at a current of 100 A) and, at 
25 substantially the same time, the RF generator 146 of the electromagnetic drive subsystem 106 
generates electromagnetic power, in the form of pulses of electromagnetic waves (preferably, 
radio-frequency electromagnetic waves), which are directed into the accelerating section 104 
via feeder waveguide 144 and port 142. The electromagnetic power, in the form of the 
electromagnetic waves, propagates throughout the length of the accelerating section 104, 
thereby creating accelerating fields in the accelerating cavities 138 of the accelerating section 
104 such that a phase shift of one hundred-eighty degrees (180°) (or n radians) is produced 
between the accelerating fields of successive accelerating cavities 138. The electromagnetic 
power then propagates into and throughout the bunching section 102 via passageway 158, 
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thereby creating an electric field in each of the bunching cavities 162 of the bunching section 
102 so that a phase shift of one hundred-eighty degrees (180°) (or n radians) is produced 
between the electric fields of adjacent bunching cavities 162. Importantly, by allowing 
electromagnetic power to propagate from the accelerating section 104 into the bunching 
section 102, passageway 158 enables the particle accelerator system 100 to operate with only 
one RF generator 146 or electromagnetic power source. 

At substantially the same time, the charged particles emitted into the bunching section 
102 by injector 108 travel into the first bunching cavity 162A where they begin to be 
bunched. The charged particles traveling through the first bunching cavity 162A then pass 
into the second bunching cavity 162B where the charged particles continue to be bunched and 
receive an incremental amount of energy imparted from the electromagnetic power. The 
charged particles continue to receive an incremental amount of energy and continue to be 
bunched in each successive bunching cavity 162 as they travel through successive bunching 
cavities 162. As the charged particles travel through the bunching section 102, the solenoid 
176 focuses the bunched charged particles into a beam of bunched charged particles and 
provides transverse stability of the charged particle beam. 

Upon reaching the second end 1 12 of the bunching section 102, the bunched charged 
particles have a higher energy level and a reduced beam space charge force as compared to 
their energy level and beam space charge force when initially emitted by injector 108 into 
bunching section 102. This result occurs at least in part because the force of the beam space 
charge is inversely proportionate to py, where "p" is the relative velocity of an electron and is 
equal to « V/c" with « V being the velocity of the charged particle and "c" being the velocity 
of light and where "y" equals the ratio of the energy of a bunched charged particle, "E", and 
the energy of the bunched charged particle at rest, "Eo". Thus, the beam of charged particles 
enters accelerating section 104 in the form of compact bunches of charged particles in which 
the beam space charge forces are attenuated. 

After entering the first end 122 of the accelerating section 104 through passageway 
156, the bunched charged particles, in the form of a beam, are accelerated through the 
accelerating section 104 by the energy of the electromagnetic power (i.e., in the form of 
pulses of electromagnetic waves) and are transversely focused by the solenoid 176. In the 
time of transit of the bunched charged particles through the first accelerating cavity 138A, the 
electric field in the second accelerating cavity 138B becomes an accelerating electric field (as 
opposed to being a decelerating electric field) and the bunched charged particles then obtain 
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an increment of energy imparted by the accelerating electric field created therein. Preferably, 
the bunched charged particles receive the maximum increment of energy that can be imparted 
by the accelerating electric field therein. At this point, the relative spread of energies is 
minimum and equals approximately AE/E=A<p 2 /8, where "Aq>" is phase extent of the bunch. 
The bunched charged particles then exit the particle accelerator system 100 at output port 126 
located at the second end 122 thereof as a tightly bunched beam of accelerated charged 
particles. 

Fig. 4 displays a partial pictorial sectional view of a particle accelerator system 100' 
with portions of the housings 130\ 160' removed and in which the bunching section 102' 
includes a plurality of bunching cavities 162* operating in 7i/2-mode in accordance with a 
second embodiment of the present invention. Notably, the particle accelerator system 100' of 
the second embodiment is preferable for high-intensity beam acceleration and is substantially 
similar in structure and operation to the particle accelerator system 100 of the first 
embodiment, but with certain exceptions as described herein. 

The bunching section 102* includes a plurality of bunching cavities 162' which are 
substantially similar to bunching cavities 162 of the particle accelerator system 100 of the 
first embodiment and also includes a plurality of coupling cavities 202 which arc operable to 
produce resonant coupling between the bunching cavities 162*. Bunching cavities 162' and 
coupling cavities 202 are arranged coaxially such that a coupling cavity 202 is interposed 
between each successive pair of bunching cavities 162*. Preferably, bunching cavity 162A' is 
positioned proximate the first end 110' of the bunching section 102', and bunching cavity 
162D' is positioned proximate the second end 1 12' of the bunching section 102'. 

The bunching cavities 162' and coupling cavities 202 are, preferably, adapted so that 
the bunching section 102* operates in 7t/2-mode. As a consequence, the phase shift of the 
electromagnetic waves and the corresponding electric fields between each bunching cavity 
162* and each adjacent coupling cavity 202 is ninety degrees (90°) (or nil radians). As in the 
first embodiment, the phase shift of the electromagnetic waves generated by the RF generator 
146' and the corresponding electric fields created in successive bunching cavities 162' is one 
hundred-eighty degrees (180°) (or tc radians) between each successive pair of bunching 
cavities 162'. 

Each coupling cavity 202 has, preferably, a substantially cylindrical shape with a 
longitudinal dimension, "W". Unlike the longitudinal dimensions, 'TT, of successive 
bunching cavities 162' which increase in the direction of particle acceleration, the 
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longitudinal dimensions, "W", of the coupling cavities 202, preferably, are equal for all 
coupling cavities 202. Coupling cavities 202 are configured such that the electric fields 
created by the electromagnetic power, in form of pulses of electromagnetic waves from the 
RF generator 146', are preferably small in comparison to the electric fields created in 
bunching cavities 162'. 

A desired electromagnetic field distribution in bunching cavities 162' may be obtained 
by selecting appropriate coefficients of coupling, "k". For example, the relationship between 
the amplitude of electric field, "Ej", created in bunching cavity 162A' and the amplitude of 
the electric field, "Ei", created in bunching cavity 162B' is defined as E1/E2 = kj/ki, where 
"ki" is the coefficient of coupling between bunching cavity 162A' and coupling cavity 202A 
and "k 2 " is the coefficient of coupling between bunching cavity 162B' and coupling cavity 
202A. 

It should be noted that because the amplitudes of the electric fields created in 
successive bunching cavities 162' rise slower than the amplitudes of the electric fields created 
in successive bunching cavities 162 of the first embodiment, a longer bunching section 102' 
having additional bunching cavities 162' and coupling cavities 202 may be used in the 
particle accelerator system 100' of the second embodiment. 

In operation, the particle accelerator system 100' operates in a manner substantially 
similar manner to that of the particle accelerator system 100 described herein, but with 
certain exceptions. Electromagnetic power, in the form of pulses of electromagnetic waves, 
propagates through the accelerating section 104' and into the bunching section 102' after 
entering the accelerating section 104' via port 142'. As the electromagnetic power propagates 
through the last bunching cavity 162D' and into the last coupling cavity 202C, a phase shift of 
ninety degrees (90°) (or vJ2 radians) is created between the electric fields of cavities 162D' 
and 202C. Additionally, a phase shift of one hundred-eighty degrees (180°) (or n radians) is 
created between the electric fields of successive bunching cavities 162'. 

At substantially the same time, the charged particles emitted into the bunching section 
102' by injector 108' travel into the first bunching cavity 162A' where they begin to be 
bunched. The charged particles traveling through the first bunching cavity 162A' then pass 
through the first coupling cavity 202A and into the second bunching cavity 162B' where the 
charged particles continue to be bunched and receive an increment of energy imparted from 
the electromagnetic power. The charged particles continue to receive an increment of energy 
and continue to be bunched in each successive bunching cavity 162' as they travel through 
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successive bunching cavities 162'. As the charged particles travel through the bunching 
section 102*, the solenoid 176' focuses the bunched charged particles into a beam of bunched 
charged particles and provides transverse stability of the charged particle beam. 

Fig. 5 displays a partial pictorial sectional view of a particle accelerator system 100" 
5 according to a third embodiment of the present invention with portions of the housings 130", 
160" removed. The particle accelerator system 100" of the third embodiment is substantially 
similar to that of the second embodiment, but with certain exceptions as described herein. 
The particle accelerator system 100" is preferable for obtaining a more stable relation of the 
electric field amplitudes in the bunching section 102" and accelerating section 104". 

10 Common wall 154" between bunching section 102" and accelerating section 104" 

defines a coupling cavity 302 therein. Coupling cavity 302 has a longitudinal dimension, 
"C\ and a diameter, "Y". The longitudinal dimension, "C" and the diameter, "Y", of the 
coupling cavity 302 are selected such that the coupling cavity 302 is resonant at the operating 
frequency of the particle accelerator system 100" and acts like a resonant coupling cavity. 

15 The common wall 154" also defines a first passageway 304 therethrough such that bunching 
section 102" couples to coupling cavity 302 and defines a second passageway 306 
therethrough such that the accelerating section 104" couples to coupling cavity 302. The first 
and second passageways 304, 306 enable bunched charged particles to travel from the 
bunching section 102", through coupling cavity 302, and into the accelerating section 104. 

20 Moreover, the common wall 154" defines a third passageway 308 and a fourth passageway 
310 therethrough so as to enable electromagnetic power, in the form of pulses of 
electromagnetic waves from the RF generator 146", to propagate through the accelerating 
section 104" and into the bunching section 102". In operation, the particle accelerator system 
100" operates in a manner substantially similar manner to that of the particle accelerator 

25 system 100 ! described herein. 

Whereas the present invention has been described in detail above with respect to 
exemplary embodiments thereof, it is understood that variations and modifications can be 
effected within the spirit and scope of the invention, as described herein before and as defined 
in the appended claims. The corresponding structures, materials, acts, and equivalents of all 

30 means-plus-function elements, if any, in the claims below are intended to include any 

structure, material, or acts for performing the functions in combination with other claimed 
elements as specifically claimed. 
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